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An investigation was conducted to determine the effect of various pointer alignment position 
on the speed and accuracy of check reading a rectangular arrangement of 16 aircraft instruments. 
The results indicate that it is advantageous, in terms of speed and accuracy, to have all the 
pointers on an instrument panel aligned to the same position, rather than have each instrument 
panel aligned to slightly different positions. The aiignmement of all pointers was checked and 
responded to with an average of approximately 0.8 sec, while in a mixed alignment the time was 
approximately 1.6 sec. The judgement of the meaning of an instrument deviation will be somewhat 
more rapid and accurate with pointer alignment in the 9 or 12 o'clock position than in the 3 o 'clock 
position.  The 9 o 'clock position appears to be slightly superior to the 12 o "clock position. 
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MEMORANDUM REPORT ON 
Dates 1+ June V)U& 

The Effect of Pointer Alignment on Check Reading of Engine 
Instrument Panels 

Aero Medical Laboratory 

Expenditure Order No» 6ßk~27 

lo    This investigation was conducted to determine the effect of 
various pointer alignment positions on the speed and accuracy of check 
reading a rectangular arrangement of sixteen aircraft engine or similar 
instruments» 

Bo    FACTUAL DATAs 

2»    This investigation was initiated as a result of Memorandum 
Report TSEPE»655~lU73in which the Instrument and Navigation Branch of 
the Equipment Laboratory proposed that the Aero Medical Laboratory 
investigate the psychological factors  influencing speed and accuracy of 
check reading a rectangular arrangement of small size aircraft engine 
instruments»    Investigation of pointer alignment was chosen as the first 
problem to be studiedj   other design factors will be studied subsequently» 

3»    Four experiments were conducted using a panel of sixteen simulated 
aircraft engine instruments 1 3/U inches in diameter, mounted in a fixed 
Link trainer fuselage»   Tilhen the panel was exposed„ individuals were 
required to check read the panel and take appropriate action by position» 
ing one  or more toggle switches»    Six pointer alignment positions were 
examined» alignment at the cardinal 9» 12» and 3 o'clock positions» and 
mixed alignment about each of these positions»    Two types of test situa- 
tions were used»    In one situation the subject merely indicated whether 
or not there was deviation of any instrument»    In the other situation 
each subject was required to identify any deviating instrument and the 
direction of deviation from a desired reading»    The details of these 
experiments and their results are reported in Appendix 1» 

i 
4o The major findings of these experiments were thats 

a» A rectangular group of 16 simulated engine instruments with 
horizontal alignment of all pointers was checked and responded to with 
an average time of approximately »8 seconds» A mixed alignment such as might 
be encountered under some flight conditions if the instruments were not 
rotatable was similarly checked in approximately 1»6 seconds« 



'Engine Ditfo MR #MCHEXD~69ii.-i7 
1+ June 191$ 

b0   Tälhen identification of the misaligned instrument and also 
judgment of whether the function had increased or decreased was required, 
the total response time was approximately 3.0 seconds under the most 
favorable condition of uniform alignment at the 9 o'clock positiono    The 
comparable, time for a mixed alignment condition was approximately 5°1 
secondso 

o0    ^he judgment of whether a deviating instrument represented 
an increase or decrease from a desired reading was made somawhat more 
rapidly and accurately for alignment at the 9 and 12 o'clock, dial pos- 
itions than at the 3 o'clock positiono 

Co    . CONCLUSIONSs 

*-J5.o. JThe following conclusions are drawn from the results, of the 
series of experiments described in this report0 

an    The rectangular arrangement of small engine instruments on 
multi~engihe aircraft* as proposed by the Equipment Laboratory^ will 
 "?J^  "/J.     j£> *L. T - J J      :: _     -1- 1- JJ .    Ä .£>       «4 «« result in favorable speed and accuracy in 
instrument panels« 

ieck reading of engine 

be    The use of rotatable instruments or rows of instruments, 
making possible uniform pointer alignment under any flight condition„ 
will provide a significant advantage in speed'and accuracy of check 
reading» although this advantage may be outweighed by the mechanical 
difficulties or other objectionable features of such adjustment provisions© 

Co    The judgment of the meaning of an instrument deviation^ will 
be somewhat more rapid and accurate with pointer alignment in the 9 or  . 
12 o'clock positions than in the 3 o'clock positiono    The results suggest 
further that the 9 o'clock position is slightly superior to the 12 
o'clock position0 f  

Do   "   BBqOMMEHDATIOMSg JS\ 

„J5o_The following recommendations are made as a result of this, study 
for action to be taken by the Engine Instrument Unit of the Equipment 
Laboratory8 

a.    That the development of engine instrument panels using small 
instrument dials with rectangular arrangement  of instruments be continued 
for application to future multi=engine aircrafto 

bo    That the instruments for use in such engine instrument panels 
be designed for horizontal pointer alignment in thef 9 o'clock position at 
the operating condition under which speed of check reading is judged to be 
most oriticalo 

Go    That special consideration be given to the possible use of 
rotatable instruments making possible uniform pointer alignment under all 
flight conditions,, 
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Appendix I 

The Effect of Pointer Alignment Position on Check Reading of Engine 
"~~~  ~ Instrument Panels 

A» Introduction s 

The Instrument and Navigation Branch of the Equipment Laboratory, 
AMG, Wright-Patterson Air Force Base, proposed in their Memorandum Report 
No» TSEPB-655~lii.7g» dated 29 November 1914-6, that the Psychology Branch 
of the Aero Medical Laboratory investigate the psychological factors wii ich 
influence the speed and accuracy of check reading a panel of aircraft 
engine or similar instruments» This proposal originated from the activity 
of the Instrument and Navigation Branch in developing small single instru- 
ments to indicate engine functions«  These small single instruments have 
an apparent advantage over the larger dual instruments in that each 
instrument indicates only one function for one engine» Furthermore, the 
small instruments offer advantages in terms of the space required on the 
instrument panel and. in terms of maintenance» 

With a major physical redesign of aircraft instruments, it is obviously 
desirable to incorporate in the new instruments as many features as pos- 
sible that -will aid the human operator in using these instruments adequately» 
The research reported herein is an attempt to evaluate only one of many 
such possible modifications» 

It has been pointed out in Aero Medical Laboratory Memorandum Report 
No» TSEAA,=69i4.-SB that aircraft instruments serve for three basic types 
of readings (l) check reading <= for assurance of a null, normal or 
desired indications (2) qualitative reading - for the meaning of a devia- 
tion from a null or normal condition j and (3) quantitative reading - for 
the actual numerical value of an indication» The relati-ve operational 
importance of these functions must be kept in mind as criteria against 
which to evaluate particular aircraft instruments or groupings of aircraft 
instruments» 

Xn the case of aircraft engine instruments, it seems extremely import- 
ant that the instruments be most adequate for the first •two types of 
reading •= check and qualitative» In other words, it is imperative that 
the instruments be so designed and arranged that an operator can check 
them very rapidly and return to his other duties being assured that no 
one of many indicators is deviating» Or, if one or more indicators are 
deviating, it is imperative that the operator be able to detect and 
identify readily the deviation in terms of engine and function, and at 
the same time gain an accurate impression of the direction in v&ich the 
function is deviating so that appropriate corrective action may be taken» 
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It seems reasonable to assume that  if the single-unit small aircraft 
engine instruments were grouped in a pattern so that all the instruments 
in a row present the same function, and all the instruments in a column 
correspond to the same engine, the identification of the particular 
engine and function could be accomplished easily«    It also seems likely 
that if all the instrument pointers were aligned to the same position for 
any one operating condition, the detection and subsequent identification 
of a deviating function could be accomplished easily and rapidly.    However, 
in addition to identifying the deviation, it is usually required that the 
operator obtain the correct sensing of the deviation so that the appro- 
priate corrective action may be taken.    In view of these comments and 
requirements, the question is raised?     "To what position should the 
pointers on an instrument panel be aligned?" 

Since one normally reads from left to right,  it might appear that if 
the pointers were aligned horizontally, pointing to the right,  i.e., to 
the 3 o'clock position,  it would be very easy to scan the panel and detect 
any deviations of the instruments.    However, this analysis neglects two 
possible influencing factors.    An  operator may not scan a panel of instrur 
ments in the same way that he reads lines of print and,  secondly, correct- 
sensing is a critical factor that may not be satisfied by alignment at 
the 3 o'clock position. 

The purpose of this investigation was, therefore, to determine the 
effect of pointer alignment at the 9, 12, and 3 o'clock alignment posi- 
tions in reference to the criteria implied in the previous discussion. 
In these experiments the subjects were required to identify a deviating 
indicator in a group of indicators and to take action based on the sens- 
ing of the deviation.    The basic unit of comparison between the three 
pointer positions was the time taken to complete the check and accomplish 
the necessary action.    Errors, although relatively few, were also recorded 
and are reported as a percentage of the number .of trials. 

B.    Apparatusa 

An instrument panel, containing sixteen 1 3/k inch dials arranged in 
a 1+ x k square pattern, was  constructed so that the instrument pointers 
could be positioned by rotating corresponding knobs  on the back of the 
panel.    The dials' and pointers were constructed to duplicate those pro- 
posed by the Instrument and Navigation Branch,     (See Figure  1.)    The 
panel was mounted in a fixed Link trainer fuselage directly in front of 
the operator in the position normally occupied by the trainer instrument 
panel.     (See Figure 2.)    Continuous illumination of the panel was pro- 
vided ay two shielded lights, one mounted on either side of the cockpit. 
The intensity of the illumination was adjusted to approximately J>0 foot 
Lamberts at the panel. 
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The instrument panel was covered by a cloth shade mounted on a roller 
immediately above the panel. The instruments were exposed by raising the 
shade from the rear of the panel. The opening of the shade started one 
or more clocks which were stopped by the subject when the required response, 
was made. As soon as the response had been made the shade was lowered, 
thus hiding the instrument panel from the subject while the experimenter 
adjusted the panel for the next trial. A subject's response panel was 
mounted above the instrument panel almost directly in line with the sub- 
ject's eyes. It consisted of sixteen three-position toggle switches 
oriented vertically and arranged in a 1+ x 1+ square pattern duplicating 
the arrangement of the instrument panel. A spring return toggle switch 
was mounted directly to the left of the response panel» This switch was 
used by the subject to indicate that he had completed the check. 

External to the Link cockpit there was mounted a panel of J2 indicator 
lights arranged in a pattern to correspond to the response switches in 
such a manner as to indicate to the experimenter which response switch 
(or switches) was operated by the subject and the direction in which it 

had been moved. Also external to the cockpit, were clocks inserted in 
the electrical circuits so as to be activated when the shade was opened 
and stopped when the response called for in the particular experiment was 
completed. 

The experimenter was provided with a switch which operated a signal 
light inside the cockpit to notify the subject to return his response 
switches to the neutral position and to get set for the next trial. 

During the course of a typical experiment the apparatus was operated 
as follows;  The subject was placed in the trainer, instructed with regard 
to his task, and given several practice trials. He was asked to use his 
right hand only in responding. Fortunately none of the subjects were 
left-handed. Between trials he was asked to rest his hand on the control 
stick of the trainer and was reminded, if necessary, to do this during 
the practice trials. After approximately 10 practice trials, the hood 
was lowered and the experiment begun. 

The experimenter closed the shade and made the necessary adjustments 
of the pointers from the rear of the panel. If a pointer was deviated 
from the aligned position, it was deviated by 30° so that there would be 
no confusion between actual deviations and some slight irregularities in 
the alignment of the pointers.  The experimenter then signaled the sub- 
ject to neutralize his toggle switches if necessary and to get set for 
the next trial. After a random delay, not less than 5 and not more than 
15 seconds in length, the shade was opened. The subject then scanned the 
panel as quickly as possible and responded in accord with the instruc- 
tions for the particular experiment. As soon as the subject had com- 
pleted his check he depressed the completed check switch which informed 
the experimenter that he could now close the shade. In most instances 
the time lapse from the opening of the shade until the completed check 
response was made was taken as the criterion response time. Errors of 
throwing the wrong switch or of throwing a switch in the wrong direction 
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were recorded from the indications on the experimenter's panel of lights. 
After each trial the subject was given knowledge of results in terras of 
time and errors. 

C.    Experiment No.  1} 

Procedure.    Twelve adult male subjects were used.      In this and in the 
following experiments the subjects used were employees of the Aero Medical 
Laboratory, Wright-Patterson Air Force Base.    These  subjects had had 
little  or no experience in check reading this type of indicator. 

Three pointer alignment conditions were presented each subject, 
alignment at the 9, the 12, and the 3 o'clock positions.    There was one 
and only one pointer deviating per trial.    The subject's task was to 
locate the deviating pointer and then locate and move a corresponding 
toggle  switch in a direction to correct the deviationj upward if the 
deviating instrument was reading too little and conversely.    To prevent 
the  subject from responding blindly to the pointer deviation rather than 
to the meaning of the deviation the subjects were required to call out 
"too much" if the reading on the deviating instrument was greater than 
the reading at the aligned position and to call out "too little    if the 
reading was less than the reading at the aligned position.    In the la*er 

experiments  (2 and 3) the subject was also required to call out 'OK    if 
no pointers were deviating.    Each subject had ten trials under each of 
the three alignment conditions.     The order of presenting the three condi- 
tions was completely counterbalanced among the twelve subjects.    Two scores 
were obtained?    the time from the opening of the  shade until the first 
response was made, and the total number of errors which included errors 
of throwing the switch the wrong way and errors of selecting the wrong 
switch. 

Results.    The results  of this experiment are summarized in Tables IA, 
IB, and Figure 3.    Pointer alignment at the 9 o'clock position resulted 
in more rapid and accurate check reading than did alignment at the 12 or 
3 o'clock position.    Note particularly that all of the subjects responded 
faster when the pointers were aligned at the 9 o'clock position than they 
did when the pointers were aligned at the 3 o'clock position, and that 11 
of the  12 subjects responded faster when the pointers were aligned at 
the 9 o'clock position than they did when the pointers were aligned at 
the 12 o'clock position. 
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(EXPERIMENT #1, g = 12) 

Table IA 

Results for different pointer alignment positions for qualitative reading 
of 16 simulated engine instruments with one deviating pointer on each 
exposure„ 

Alignment 
Position 

9 o'clock 

12 o'clock 

3 o'clock 

Mean Time per Response 
in Seconds 

1.96 

2e23 

2o53 

Percent Errors 

15 og 

Table IB 

Number of subjects whose average response times were faster at each 
alignment position as compared with each other alignment position. 

9 o'clock vs* 11 

12 o'clock 1 

9 o'clock vs* 12 

12 o'clock 0 

12 o'clock vs** 9 

3 o'clock 3 

9 o'clock vs 11 

12 o'clock vs 1 

3 o'clock 0 

* Probability less than o01 of this proportion arising by chance» 
assuming no differenceo 

** Probability „05 - olO of this proportion arising by chance, assuming 
no difference0 

10 
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D» Experiment No«, 2% 

Procedure.    Twelve adult male subjects were usedj  in part the same 
group as was used in Experiment No»  1«,    Each subject had 2€> randomized 
trials at each alignment position, & trials in which no pointer deviated, 
8 trials in which one pointer deviated, and 12 trials in which 2 pointers 
deviated from the alignment position,.    The order of presenting the three 
alignment conditions, 9«  12s and 3 o'clock, was completely counterbalanced. 
Each subject had two test sessions»    During the first session, for one 
half of the subjects, the pointers were aligned afc one of the cardinal 
positions and for the other half the pointers were aligned diagonally 
about the cardinal positions.    In the latter case the top row of instru- 
ment pointers was aligned at a position 30° counterclockwise from the 
cardinal position, the second row was aligned at a position 30° clockwise 
from the cardinal position, the third row was aligned 30? counterclockwise 
from the cardinal position* and the bottom row was aligned at the cardinal 
position»    During the second test session the conditions for the two 
groups were reversed»    The subject was requested to check read the panel 
and call out the direction of the deviation or deviations, if any, then 
move the corresponding switch or switches in a direction to correct the 
error as in Experiment No»  1, and finally to depress the completed check 
switch»    The time from opening the shade to throwing the completed check 
switch and the number of wrong-switch and wrong<=direction errors were recorded» 

Be suits»    The results of Experiment No»  2, shown  in Tables IIA,  IIB, 
IIC, IID, and Figures I4 and 5 differ somewhat from those of the first 
experiment»    In terms of speed of response the 9 o'clock showed only small 
superiority over the 3 osclock position, and was surpassed by the 12 
o'clock position»    The error data showed no clear superiority of any of 
the three alignment positions»    No entirely satisfactory explanation is 
apparent for the lack of agreement between the first and second experiments, 
although the difference in experience level of the subjects is probably a 
factor»    Experiment No» 2 required many more test trials, and many of the 
subjects had previously served in Experiment No»  1.    It is possible, in 
spite  of forcing the subject to verbalize the meaning of a deviation, that 
some subjects responded on the basis of the physical position of the 
pointer only»    Thus, at the 9 o'clock position the subject may have res- 
ponded mechanically,  "If the pointer is up, push the switch down," and 
vice versa, and at the 3 o'clock position,  wIf the pointer is u£, push 
the switch u£sW aa<^ vice versa»    Such a system of response would produce 
confusion between the responses required at the two positions and hence 
result in delayed response times at these two positions»    For the 12 
o'clock there was not this direct conflict, which may account for the 
more rapid response times at that position» 

12 
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(EXPERIMENT #2, N = 12) 

Table IIA 

Results for cardinal pointer alignment for qualitative reading of 16 
simulated engine instruments with varying number of deviating pointers. 

Mean Time per Response in Seconds 

Alignment 
Position 

No Deviating 
Point er 

One Deviat 
Pointer 

ing Two Deviating 
Pointers 

All Conditions 
Combined 

9 o'clock loS7 3« 10 3.70 3.01 

12 o'clock I0I42 2.69 3«i£ 2.63 

3 o'clock lc53 5o36 3cÖ2 3.03 

Table IIB 

Results for diagonal or mixed pointer alignment for qualitative reading 
of 16 simulated engine instruments with varying number of deviating pointers. 

Mean Time per Response in Seconds 

• 

Alignment 
Position 

No Deviat 
Pointer 

ing One Deviating 
Pointer 

Two Deviati 
Pointers 

ng All Conditions 
Combined 

9 o°clock 3<.22 5.15 6623 5.06 

12 o'clock 2 „96 5.19 6,11). U.96 

.. 
3 o'clock 3o27 5c50 6.31 5.l£ 

Ü4- 
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Table HO 

Number of subjects whose average response times were fastest at each 
alignment position as compared to each other alignment position» 

Pointers aligned at   Pointers aligned 
cardinal positions    diagonally 

9 o'clock vs 

12 o'clock 

9 o'clock vs 

5 o'clock 

12 o'clock vs 

3 o'clock 

9 o'clock vs 

12 o'clock vs 

3 o'clock 

3** 

9 

7 

5 

11* 

1 

3 

* 

l 

g 

6 

6 

9** 

3 

3 

7 

1 

* Probability less than „01 of this proportion arising by chances 
assuming no difference, 

** Probability o05 - olO of this proportion arising by chance, assuming 

no difference. 

15 
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Table IID 

Percent errors of -various types with cardinal alignment» 

Alignment 
Position 

Sensing 
Errors 

Wrong Switch 
Errors 

Failure to ETote 
All Deviations 

Total 

9 o'clock 3.9 2d 1.5 7.5 

12 o'clock 3»o 2Bk 2.1 7.5 

"3 o'clock 1+.5 4,2 l„g 10. i). 

Percent error of various types with diagonal alignment. 

Alignment 
Position 

Sensing 
Errors 

Wrong Switch 
Errors 

Failure to Note 
All Deviations 

Total 

9 o'clock So3 2.1+ 5.1 15.0 

12 o'clock 10 eJ  ' \ 6.0 6.6 22.6 

3 o'clock 4.2 3.6 7.2 Ht.9 

»I 

16- 
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S«    Experiment Mo» 3s 

Procedurec    This experiment was exactly like Experiment No» 2, with 
the following exceptions! 

a»    The subjects were instructed to throw the switch up (instead 
of down) when they observed that the corresponding indicator was reading 
too much (clockwise deviation) and vice versa»    In other words, the 
subject indicated the sensing of the deviation rather than the sensing 
of the corrective response» 

b.    Only the aligned conditions ioe0, alignment at precisely the 
9, 12, and 3 o'clock position, was examined» 

Co    Only six subjects were used.    Counterbalancing of the align« 

ment position was employed. 

Results»    The results of this experiment shown in Tables  IIIA, IIIB, 
IIIC, and Figure 6 do not indicate a definite superiority of any of the 
three alignment positions examined»    As in the first two experiments, 
the 3 o'clock alignment position appears to be somewhat inferior,  in 
terms of speed and accuracy, to the other two positions»    A comparison 
of this experiment with Experiment No» 2 reveals that the instructions 
to throw the response switch so as to indicate the direction of the 
deviation increased both the time per response and the number of sensing 

errors» 
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(EXPERIMENT #3, N • 6) 

Table niA 

Results for qualitative reading of 16 simulated engine instruments with 
reversed direction of response switch movement. 

Alignment 
Position 

9 o'clock 

12 o'clock 

3 o'clock 

Mean Time per Response in Seconds 

No Deviating    Otie Deviating'   Two Deviating 
Pointer Pointer Pointers 

All Conditions 
C ombined 

3.SU 

1+.15 

2.1$ U.oo h.&5 

2.00 3.50 I4..36 

2.32 U»32 5.20 

Table IIIB 

Number of subjects whose average response times were fastest at each 
alignment position as compared to each other alignment position. 

9 o'clock y's 

12 o'clock 

9 o'clock vs 

3 o'clock 

2 

k 

h 
2 

12 o'clock vs 

3 o'clock 

5 

1 

9 o'clock vs 2 

12 o'clock vs h 

3 o'clock 0 

Probability of any of the above proportions occurring by ohauee, assuming 
no difference, is greater than «05. 
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Alignment 
Position 

9 o'clock 

12 o'clock 

3 o'clock 

Table  IIIC 

Percent errors of various types 

Sensing 
Errors 

9-5 

lU-3 

22 oO 

Wrong Switch. 
Errors 

3*0 

3.6 

Uo2 

Failure to Note 
All Deviations 

10.7 

13.7 

9o5 

Total 

23c2 

31-5 

35 oS 
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Po    Experiment No« I4,. 

Procedure;    Eight adult male subjects were used«,    The subjects were 
required to check the instrument panel as rapidly as possible after the 
shade was  opened and to determine whether or not any instrument pointers 
were deviating from the aligned position«    This represented simple check 
reading rather than qualitative reading as in the first three experiments» 
Half of the subjects responded by moving a lap-held, three-position tog- 
gle switch to the right to indicate no deviating pointer, and to the left 
to indicate a deviating pointer«    The other half of the subjects followed 
the alternate instruction« 

The subjects were allowed all the time they wished to .complete the 
checke.    Their score was taken as the time from opening the shade until 
the correct response was made.    Hence, the errors recorded were incorrect 
initial responses that were later corrected« 

Each subject was  given a total of twenty trials at each alignment 
position«    In ten of the trials all pointers were aligned«    In ten of the 
trials one pointer was deviated«    Each subject was tested at each align- 
ment position« 9s 12j and 3 o'clock, with all the pointers»aligned at the 
cardinal positions and at each alignment position with the pointers 
aligned diagonally about the cardinal position as in Experiment No« 2« 
The order of trials was randomized and the testing order of the three 
conditions was counterbalanced« 

Results«    Tables IVA, IVB, IVC, and Figures 7 and & present the results, 
of Experiment No« Ij.«    The results do not indicate any clear superiority of 
any one of the three alignment positions for simple check reading where 
the direction of the deviation is ignored.    This experiment» as does 
Experiment No« 2, demonstrates the tremendous advantage for check reading 
of having all the indicators aligned to the same cardinal position« 
Under no condition did a subject respond more rapidly when the pointers 
were aligned diagonally than he did when they were aligned to cardinal 
positions«    It should be noted that with pointer alignment, these subjects 
could check read an instrument panel consisting of 16 instruments and 
detect a deviation in an average time of less than 0o2> seconds» 
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(EXPERIMENT jfk,  N • 3) 

Table IVA 

Results for simple check reading of 16 simulated engine instruments with 
pointers aligned at cardinal positions,, 

Alignment 
Position 

9 o'clock 

12 o'clock 

5 o'clock 

Mean Time per Response in Seconds 

No Deviating    One Deviating   All Conditions        Percent Errors 
Pointer Pointer Combined 

ik.k 

15.0 

g.i 

°77 .7k .75 

.73 .72 .76 

.79 »75 c77 

Table IVB 

Results for simple check reading of 16 simulated engine instruments with 
diagonal or mixed pointer alignmentso 

Alignment 
Position 

9 o'clock 

12 o'clock 

3 o'clock 

Mean Time per Response in Seconds 

No Deviating    One Deviating   All Conditions 
Pointer Pointer Combined 

1.75 

1.82 

1.5k 

1.57 

l.ljÄ 

1.6k 

1.56 

1.59 

Percent Errors 

lg.g 

15.6 

10.6 

2k 
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Table I7C 

Number of subjects whose average response times were fastest at each 
alignment position as compared with each other alignment position. 

Pointer aligned at        Pointers aligned 
cardinal positions        diagonally 

9 o'clock vs 

12 o'clock 

k 

k 

2 

6 

9 o'clock vs 

3 o'clock 

5 

3 

5 

5 

12 o'clock vs 

3 o'clock h 

5 

3 

9 o'clock vs 

12  o'clock vs 

3 o'clock 

2 

3 

3 

2 

5 

l 

Probability of any of the above proportions  occurring by chance^assuming 
no difference is greater than  .05<> 
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Go    Interpretation of Eesults and Application to Instrument Design t 

The foregoing experiments clearly demonstrated that the use of hori- 
zontal or vertical ptjjnter alignment greatly simplifies the task of 
check reading a rectangular group of engine instruments»    In fact, it was 
possible with this arrangement to check 16 instruments in approximately 
0<>75 se<3.    '-Chis is only slightly longer than the check reading time for 
single instruments being obtained in two other current investigations. 
A mixed pointer alignment condition caused approximately 100 percent 
increase in response time and errors0 

These results, applied to the design of an engine instrument panel, 
indicate the desirability of using either horizontal or vertical pointer 
alignment»    This can obviously be done for only one flight condition 
unless provision is made in the panel for rotating the instruments to 
adjust for differing instrument readings under different conditions. 
This could presumably be done with a suitable adj\sbing knob for each row 
of instruments.    A number of practical objections can be raised to such 
an arrangement;    (a) the mechanical complexity of the instrument mountings 
and panel would be increased;  (b) the number of controls necessitating 
adjustment, which is already excessive, would be further increased;   (c) 
not all numerals on the dial could remain upright at all times.    Whether 
or r5ot these objections  outweigh the advantages to be gained by uniform 
pointer alignment is outside the scope of this investigation. 

The other major finding, though less clear cut, was that the 3 o'clock 
alignment position was inferior to the 9 and 12 o'clock positions for 
judging the direction of instrument deviation.    This probably resulted 
from the fact that at the 3 o'clock position the pointer moves down, 
instead of up, for increase on a conventional clockwise-increase dial. 
It is  conventional, and probably more natural, to associate an upward 
movement with increase in indication.    A movement to the right for 
increase, as at the 12 o'clock dial position, apparently is quite satis- 
factory. 

Applied to the design of engine instrument panels, this second find- 
ing suggests that pointer alignment should be at either the 9 °r 12 o'clock 
positions.    An objection which-can be raised to the 12 o'clock position 
is that pointer deviations beyond the top center of the dial will bring 
in downward movement for increase, as at the 3 o'clock position.    For 
this reason it would seem, in agreement with Experiment No. 1, that the 
9 o'clock alignment position should be best. 

H.    Summary and Conclusionsa 

Tests were made with a four by four arrangement of sixteen simulated 
engine instruments of 1 3/U inch diameter to determine %he effects of 

m 
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pointer position upon (a) the ability to detect an instrument deviation, 
and (b) the ability to judge the direction, increase or decrease, of the 
deviation«    The subjects were enclosed in a Link trainer fuselage»   Upon 
exposure of the engine instrument panel the subject responded by suitable 
operation of toggle switches»    The speed of response and errors were 
recorded. 

The following conclusions are indicated by the results of this investi- 
gations 

1»    A. group of 16 instruments -with uniform horizontal or vertical 
pointer alignment can be checked, and an appropriate response made,  in 
approximately 0»75 seconds» 

20    The use of a mixed alignment condition approximately doubles 
the response time and frequency of errors in checking a group of 16 
instruments» 

1 

3«    The pointer alignment position, 9s 12, or 3 o'clock, has 
little, if any, effect upon simple check reading involving the mere 
detection of a deviation» 

I4.»    THhen check reading involves judgment of the direction of 
instrument deviation, the 3 o'clock alignment position is inferior to 
the 9 and 12 o'clock positions» 

1.    Summary of Results a 

The results of these four experiments do not consistently indicate a 
marked superiority of any one of the three alignment positions examined» 
The time taken for check reading appears to be relatively independent of 
the orientation of the pointers.    However, in terms of the number of 
subjects in each experiment working fastest at each alignment position, 
in only one part of one experiment was the 3 o'clock alignment position 
responded to as rapidly by as many subjects as were the other positions» 

The total number of errors also appears to be relatively independent 
of the orientation of the pointers»    The number of sensing-errors and 
the number of wrong switoh errors, however,  is consistently (with one 
exception) greater at the three o'clock alignment position than at the 
nine o'clock alignment position»    This, perhaps, indicates that alignment 
about the 3 o'clock position is somewhat ambiguous»    In that position an 
increase is represented by two perhaps contradictory movements, clockwise 
and down»    This ambiguity is not present at the 9 o'clock position since 
a clook.'.'ise movement of the pointer is also an up movemento 
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The results clearly indicate that it is advantageous in terms of 
speed and accuracy of check reading to have all the pointers on an 
instrument panel aligned to the same position rather than to have each 
row of instruments aligned to slightly different positions.    In no case 
did a subject respond more rapidly under conditions of diagonal align- 
ment than he did under conditions of cardinal alignment.    The advantage 
of aligning all the instruments to the same position is far greater than 
the advantage of alignment at any one position.    To illustrate this point, 
refer to Experiment No. h in which the subjects were capable of oheck 
reading the entire panel of 16 instruments in 0.3 seconds when the pointers 
were all aligned to the same cardinal position.    However, when each row 
of pointers was aligned to slightly different positions the subjects 
required 1.6 seconds, double the time required when the pointers were all 
aligned to the same position» 
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